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ABSTRACT 

The presence of adventitious water in a reaction between dicyclopentamethylenethiuram- 
disulfide (C 5 HjqNCS 2)2 and a picoline solution of tricyclopentadienylindium(III) (CgH^In 
resulted in the formation of piperidinium hydrogen sulfide (C^Hj^NS). The piperidinium 
hydrogen sulfide produced in this way was unambiguously characterized by X-ray 
crystallography. The structure determination showed that the piperidinium hydrogen sulfide 
crystal (MW = 119.23 g/mol) has an orthorhombic ( Pbcm ) unit cell whose parameters are: a 
= 9.818 (2), b = 7.3720 (1), c = 9.754 (1) A, V = 706.0 (3) A 3 , Z = 4. D x = 1.122 g 
cm -3 , Mo Ka( X= 0.71073A), u= 3.36 cm -1 , F(000) = 264.0, T = 293 K, R = 0.036 for 
343 reflections with > 3o(F l ~) and 65 variables. The compound consists of [C^H 10 NH 2 ] + 
cations and [SH]" anions with both species residing on crystallographic mirror planes. 
N-H • • • S hydrogen bonding contributes to the interconnection of neighboring piperidinium 
components of the compound. 


f National Research Council-NASA Resident Research Associate at Lewis Research Center. 



Introduction 


Pyridinium and piperidinium salts and their derivatives have been of interest for a number of 
years because of their physico-chemical properties. Of particular interest is their behavior as low 
temperature (sometimes even room temperature) melts. These compounds are most commonly 
prepared by treating a pyridine or piperidine derivative with the appropriate acid as is shown for 
piperidine in equation 1. In the course of carrying out reactions in pyridine and picoline 
(4-methylpyridine) solvent systems, we have observed the production of salts of this type through 
different routes. 


c 2 h 10 nh + HX -» [c 5 h 10 nh 2 ] + x 


( 1 ) 


For example, reacting tetraethylthiuram disulfide [(C 2 H^) 2 NCS 2]2 with a picoline (CgH-^N) 
solution of copper(I) bromide dimethylsulfide [CuBr • S(CH 3 ) 2 ] in the absence of rigorous drying 
produces picolinium bromide (Andras et. al., 1993). In a similar vein, we now report that 
reacting dicyclopentamethylenethiuram disulfide (C^H jQNCS 2 ) 2 w ith a picoline solution of 
tricyclopentadienylindium(III) [(C^H^^In] in the absence of rigorous drying gives piperidinium 
hydrogen sulfide [CjH^NI^HS. This P roduct was unambiguously characterized by X-ray 
crystallography. This preparation and X-ray crystallographic analysis of piperidinium hydrogen 
sulfide are detailed in the following sections. 


Experimental 

Piperidinium hydrogen sulfide cystals were prepared in the following manner. Under argon, 
a solution of tricyclopentadienylindium(III), (CjK^In, (0.25 g, 0.806 mmol) and 
dicyclopentamethylenethiuram disulfide, (C 5 H 10 NCS 2 )2 (0.62 g, 1.61 mmol) in 35 mL of 
4-methylpyridine was stirred for six days at 20° C. Subsequent filtration and layering of the 
4-methylpyridine solution with hexanes afforded colorless crystals of the piperidinium salt. 

A crystal of dimensions 0.32 x 0.25 x 0.25 mm was sealed inside a glass capillary and 
mounted on an Enraf-Nonius CAD-4 diffractometer which produced graphite-monochromated 
Mo Ka radiation. Cell constants were determined from least-squares refinement of 25 reflections 
having 13 <6 < 19°. Intensity data were collected with the w-2 0 scan technique with 4 < 20 
< 45°; the scan rate varied from 1 to 16° min" 1 . Three standard reflections measured every 
5000 sec. revealed no significant intensity loss. Intensities were corrected for Lorentz and 
polarization effects; an absorption correction was not applied. Within index ranges (0 ^ h 
<10, O ^ k ^ 10, O ^ / <7), 572 unique reflections were collected of which 343 are 
classified as observed, F 0 ^ > 3a(F^ ). Calculations were performed on a VAX computer using 
Enraf-Nonius MolEN (Enraf-Nonius, 1990). All non- H atoms were located using SHELX-86 
(Sheldrick, 1986). The H atoms were located from a difference map and refined isotropically. 
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The structure was refined by full-matrix least-squares on F and the function minimized was 
Ew(j Fo| - | FcJ )2. The weight, w, was defined by the Killean and Lawrence method with 
terms of 0.020 and 0.1 (Killean & Lawrence, 1969). The final refinement parameters are: R 
= 0.036, wR = 0.044, S = 1.364, (A/<r) max = 0.06. The maximum residual peak in the final 
difference Fourier map was 0.16 e A'^. Atomic scattering factors were taken from Cromer and 
Waber (1974). Anomalous dispersion effects were included in F c (Ibers & Hamilton, 1964); the 
values for / ’ and / " were those of Cromer (1974). Plots of w(j Foj -J Fcj ) versus J Foj 
reflection order in data collection, sin 0/X and various classes of indices showed no unusual 
trends. 

Further details of the crystallographic analysis are given as supplemental material in 
Appendix A. 


Results and Discussion 

The crystallographic analysis of the product of the reaction between tricyclopentadienyl- 
indium(III) and dicyclopentamethylenethiuram disulfide produced the ORTEP (Johnson, 1965) 
drawing of the piperidinium hydrogen sulfide molecule shown in Fig. 1. Final positional and 
equivalent isotropic thermal parameters are listed in Table 1. Bond distances and angles are 
listed in Table 2. The structure of piperidinium hydrogen sulfide consists of chains of 
piperidinium hydrogen sulfide connected by N-H • • • S hydrogen bonding. Both the cationic 
and anionic species of the compound reside on crystallographic mirror planes with the S, N, 
H(N), C(3), H(l), H(31) and H(32) atoms located in these planes. The piperidinium ring adopts 
the chair conformation in this structure. The structural data clearly indicates that the compound 
which was isolated from the reaction between tricyclopentadienylindium(III) and 
dicyclopentamethylene-thiuram disulfide is piperidinium hydrogen sulfide. Furthermore, the data 
is consistent with that for piperidinium hydrogen sulfide prepared by a different route (Smail & 
Sheldrick, 1973). 


Conclusions 

This technical memorandum describes the formation of piperidinium hydrogen sulfide in a 
reaction quite different from the reactions usually used to produce this type of compound. The 
piperidinium hydrogen sulfide product was characterized by X-ray crystallography. Although 
crystallographic data for the title compound were previously reported (Smail & Sheldrick, 1973): 
Pmab, a = 9.77 (1), b = 7.30 (2), c = 9.84 (1) A, R = 0.075 and wR = 0.078, we have 
included a description of the structure determination because it describes a more accurate 
determination of the structure of this compound. 
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TABLE 1 


Positional and Equivalent Isotropic Thermal Parameters 
with e.s.d.'s for [C 5 H 1 0 NH 2 ] [SH] . 


5 eq * ' 



X 

y 

z 

B e q (A 2 ) 

s 

0. 1731(1) 

0.0373(2) 

1/4 

3.96(2) 

N 

0. 1358(4) 

0.0446(6) 

3/4 

3.96(9) 

C(l) 

0. 1941(4) 

-0.0358(5) 

0.6236(4) 

5.30(9) 

C(2) 

0.3456(4) 

. -0.0071(5) 

0.6229(5) 

6.8(1) 

C(3) 

0.4090(6) 

-0.0875(9) 

3/4 

8.5(2) 

HC1D 

0. 153(5) 

0.310(7) 

1/4 

8(1)* 

HCN) 

0.035(6) 

0.033(7) 

3/4 

7(D* 

HC ID 

0. 146(4) 

0.040(5) 

0.547(4) 

8(1)* 

H( 12) 

0. 168(3) 

-0. 184(5) 

0.628(4) 

7.2(9)* 

H(2 1) 

0.361(3) 

0. 143(5) 

0.616(4) 

7.3(9)* 

H( 22 ) 

0.387(5) 

-0.081(6) 

0.532(4) 

11(1)* 

H(31.) 

0.397(6) 

-0.233(9) 

3/4 

10(2)* 

H C 3 2 ) 

0.499(8) 

-0.09(1) 

3/4 

12(2)* 


* Refined isotropically 
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TABLE 2 


Bond lengths (A) and angles (°) with e.s.d's 
for [C 5 H 10 NH 2 ][SHJ. 


S-H(l) 

2.02(7) 

C(l)-H( 12) 

1.12(4) 

S-HCN) 

2.11(7) 

C(2)-C(3) 

1.508(7) 

N-C(l) 

1.482(5) 

C(2) -H(2 1) 

1.12(5) 

N-H(l) 

1.09(7) 

C(2)-H(22) 

1.11(5) 

N-H(N) 

0.99(7) 

C(3) -H(3 1) 

1.08(8) 

C(l)-C(2) 

1.503(7) 

C(3)-H(32) 

0.9(1) 

C(l)-HCU) 

1.05(5) 



H(1)-S-H(N) 

99(2) 

C(ll)-C(2)-H(21) 

106(2) 

C ( 1) -K- C C 1) • 

112.5(5) 

C( 1) -C(2) -H(22) 

107(3) 

C(l)-N-H(l) 

110(1) 

C(3)-C(2)-H(21) 

113(2) 

C( l)-N-H(N) 

111(2) 

C(3)-C(2)-H(22) 

108(3) 

H(1)-N-H(N) 

104(4) 

H ( 2 1) -C(2) -H(22) 

113(3) 

N-C(l)-C(2) 

109.3(4) 

C(2)-C(3)-C(2) * 

110.6(6) 

N-C( 1) -H( 11) 

102(3) 

C(2)-C(3)-H(31) 

110(2) 

N-C( 1) -H( 12) 

106(2) 

C(2)-C(3)-H(32) 

115(3) 

C(2)-C(l)-H(ll) 

112(3) 

H(31)-C(3)-H(32) 

94(7) 

C(2) -C( 1) -H( 12) 

111(2) 

S-H(l)-N 

177(5) 

H( 11)-C( 1) -H( 12) 116(3) 

S-H(N)-N 

171(5) 

C( 1) -C(2) -C (3) 

110.4(5) 
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FIGURE 1 


ORTEP (Johnson, 1965) drawing of the [C 5 H jqNJ^KSH] compund showing the atomic-labeling 
scheme. Thermal ellipsoids are drawn at the 50% probability level while isotropic hydrogen 
thermal parameters are represented by sphere of arbitrary size. 



Appendix A 


Supplemental data from the structural determination of [C^HjqNI^HSH]. 
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Appendix A (com.) 


Supplemental data from the structural determination of [CjHjgNt^KSH]. 
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Appendix A (com.) 

Supplemental data from the structural determination of [C^H 



Table 

of Atomic 

Name 

Multiplicity 

Name 

s 

1.000 

N 

C(2) 

2.000 

C(3) 

H(N) 

1.000 

H(U) 

H(21) 

2.000 

H(22) 

H(32) 

1.000 



Multiplicities 



Multiplicity 

Name 

Multiplicity 

1.000 

C(1) 

2.000 

1.000 

H(l) 

1.000 

2.000 

H(12) 

2.000 

2.000 

H(31) 

1.000 
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Appendix A (cont.) 

Supplemental data from the structural determination of 


Table of Torsion Angles in Degrees 


Atom 1 

Atom 

H(N) 

N 

H(N) 

N 

H(N) 

N 

N 

C(l) 

N 

C(l) 

N 

C(l) 

H(ll) 

C(l) 

H(ll) 

C(1) 

H(ll) 

C(1) 

H(12) 

C(1) 

H(12) 

C(1) 

H(12) 

C(1) 

C(l) 

0(2) 

C(l) 

C(2) 

H(21) 

0(2) 

H(21) 

0(2) 

H(22) 

0(2) 

H(22) 

0(2) 


Atom 3 Atom 4 


C(l) 0(2) 

C(l) H(ll) 

C(l) H(12) 

C(2) C(3) 

C (2) H(21) 

C(2) H(22) 

C(2) C ( 3 ) 

C(2) H(21) 

C (2) H(22) 

C(2) C(3) 

C(2) H(21) 

C(2) H(22) 

C(3) H(31) 

C (3) H(32) 

C (3) H(31) 

C (3) H(32) 

C (3) H(31) 

C (3) H(32) 


Angle 


176.77 ( 2.68) 

58.48 ( 3.44) 

-63.49 ( 3.18) 

56.92 ( 0.45) 

-65.11 ( 1.91) 

174.46 ( 2.43) 

168.79 ( 2.22) 

46.76 ( 2.91) 

-73.68 ( 3.28) 

-59.53 ( 1.96) 

178.44 ( 2.69) 

58.00 ( 3.11) 

65.04 ( 3.02) 

170.27 ( 4.93) 

-177.19 ( 3.53) 

-71.96 ( 5.28) 

-'51.92 ( 3.90) 

53.31 ( 5.52) 


<* 


11 



REPORT DOCUMENTATION PAGE 


Form Approved 
OMB No. 0704-0188 


Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson 
Davis Highway Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188). Washington, DC 20503. 


1. AGENCY USE ONLY { Leave blank) 2. REPORT DATE 


4. TITLE AND SUBTITLE 


TT DATE 3. REPORT TYPE AND DATES COVERED 

April 1994 Technical Memorandum 


5. FUNDING NUMBERS 


Redetermination of Piperidinium Hydrogen Sulfide Structure 


6. AUTHOR(S) 

Maria T. Andras, Aloysius F. Hepp, Phillip E. Fanwick, Stan A. Duraj, 
and Edward M. Gordon 


WU-23 3-0 1 -OR 


7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135-3191 


8. PERFORMING ORGANIZATION 
REPORT NUMBER 


E-8653 


9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

National Aeronautics and Space Administration 
Washington, D.C. 20546-0001 


10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 


NASA TM-1 06527 


11. SUPPLEMENTARY NOTES , . ^ „ A1 . „ T¥ vtAPAr . „ 

Maria T. Andras, National Research Council-NASA Research Associate at Lewis Research Center; Aloysius F. Hepp, NASA Lewis Research Center, Phillip 
E. Fanwick, Purdue University, Department of Chemistry, West Lafayette, Indiana 47907 (work funded by NASA Contract NCC3-246); Stan A. Duraj, 
Cleveland State University, Department of Chemistry, Cleveland, Ohio 441 15 (work funded by NASA Contract NCC3-162); and Edward M. Gordon, 
Wilberforce University, Wilberforce, Ohio 45384 (work funded by NASA Contract NCC3-281). Responsible person, Aloysius F. Hepp, organization code 

5410,(216)433-3835. , 

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE 

Unclassified - Unlimited 
Subject Category 25 


13. ABSTRACT (Maximum 200 words) 

The presence of adventitious water in a reaction between dicyclo^entamethylenmhiuram-disulfide (C 5 HjqNCS 2)2 ancl 
a picoline solution of tricycl</pentadieny|ndium(III) (C 5 H 5 ) 3 In resulted in the tormation of piperidinium hydrogen 
sulfide (C 5 H 13 NS). The piperidinium hydrogen sulfide produced in this way was unambiguously characterized by X- 
ray crystallography. The structure determination showed that the piperidinium hydrogen sulfide crystal (MW = 1 19.23 
g/mol) has an orthorhombic ( Pbcrn ) unit cell whose parameters are: a = 9.818(2), b = 7.3720(1), c = 9.754(1) A, V = 
706.0(3) A 3 , Z = 4. D = 1.122 g cm' 3 . Mo Ka (A = 0.71073 ), 3.36 cm* 1 , F(000) = 264.0, T = 293 K, R = 0.036 

for 343 reflections with F 0 2 > 3a (F 0 2 ) and 65 variables. The compound consists of [C 5 H 10 NH 2 ] + cations and [SH]" 
anions with both species residing on crystallographic mirror planes. N-H • • • S hydrogen bonding contributes to the 
interconnection of neighboring piperidinium components of the compound. 


QUCiiNAL PAGE m 
Of POO* quautv 


1 4. SUB jiCT TERMS NUMBEH 

Crystal structure; Single crystal; Sulfide; Ammonium salt ie - PRICE C0 ^ Q3 


17. SECURITY CLASSIFICATION | IS. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT 


Crystal structure; Single crystal; Sulfide; Ammonium salt 


OF REPORT 

Unclassified 

NSN 7540-01-280-5500 


OF THIS PAGE 

Unclassified 


OF ABSTRACT 

Unclassified 


Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 











